This study aimed to determine the speech discriminatory ability of the contralateral ear of users of a unilateral bone-anchored hearing system (BAHS). The Oticon Medical Ponto Pro/Ponto Pro Power device brand was used for all patients. Five BAHS users (3 men, 2 women) participated in the study. Pure-tone air-conduction thresholds at 250 to 6,000 Hz, masked and unmasked bone-conduction thresholds at 250 to 4,000 Hz, and participants' speech discrimination scores in both ears were determined. Speech discrimination tests were carried out in a silent environment with monosyllabic and trisyllabic word lists. After this, the ipsilateral ear (the BAHS side) was masked with wide-band noise using an insert earphone, and the word tests were repeated. A mild decrease was observed in monosyllabic words in ipsilateral masking; however, this was not found to be statistically significant. Conversely, a decrease was not observed in the repetition of trisyllabic words in any participants, even under high-level ipsilateral masking. These results suggested that unilateral BAHS application could prevent or reduce the neural deprivation of the contralateral ear.
Introduction
A bone-anchored hearing device is a system that transfers vibrations into the internal ear through a titanium implant. Studies of the device were initially performed on dental implants; in the 1950s, long-bone implants were studied after titanium was found to be well integrated with bone. 1 In the years following, titanium was first used for the elimination of hearing loss in implantable hearing aids. This system is based on bone conduction, a principle that has been recognized for a long time. With bone conduction transmission, the sound is transferred directly to the internal ear, bypassing the external auditory canal and middle ear. 1, 2 Many centers prefer hearing aid systems implanted in unilateral bone. 2 The knowledge that a stimulus from any point on the head is heard by both cochleae via bone conduction legitimizes the application of a unilateral bone-anchored hearing system (BAHS). 2 When clinicians at Radbound University Nijmegen Medical Centre first put forward bilateral BAHS application, they started a new debate about the benefits of binaural BAHS use. 2 This preliminary study aimed to determine the discriminatory ability of the contralateral ear in users of a BAHS.
Patients and methods
The study was planned to include patients who had been using a BAHS for at least 6 months.
First step. Air conduction (250 to 6,000 Hz), bone conduction (500 to 4,000 Hz), and speech recognition threshold (SRT) and speech discrimination scores were determined in both ears of participants via a TDH-39 earphone.
Second step. A loudspeaker was placed 1 m in front of the participant with 0º of angling, and a free field test was performed with ipsilateral masking at 70, 90, and 100 dB HL levels to detect the effective masking level and determine how ipsilateral wide-band masking affected the free field threshold with the device. If a masking dilemma was observed (e.g., ipsilateral masking was not sufficient to cause overmasking), patients were excluded from the study.
Third step. After calibration control was performed, the Marmara University trisyllabic word list followed by the Marmara University phonetically balanced monosyllabic word list were presented at 65 dB, and participants' implanted discrimination scores were obtained. Then, The BAHS side was masked at 3 different levels (60, 70, and 90 dB HL) with wide-band noise using an insert earphone and the word tests were repeated. During the study, a loudspeaker was placed 1 m in front of the patient with 0º of angling and audiograms were obtained ( figure) .
The Statistical Package for the Social Sciences 15-mediated Wilcoxon paired sample test and Friedman test were used for data analysis.
Results
Five of 28 patients using BAHS were included in the study. Of these patients, 3 were men, aged 28, 42, and 46 years, and 2 were women, each 34 years old. The Oticon Medical Ponto Pro/Ponto Pro Power device (Oticon Medical; Askim, Sweden) was used for all patients. Three patients were using the device in the right ear and 2 were using it in the left ear.
No significant difference was observed between the mean air-conduction and bone-conduction thresholds (500, 1,000, 2,000, and 4,000 Hz). All participants had similar audiogram results (table 1). In addition, no significant difference was detected between the discrimination tests of the right and the left ears. Free field speech tests were performed without masking when patients were wearing the BAHS.
When ipsilateral wide-band noise was applied, the patients' discrimination ability was found to decrease as the degree of noise increased. However, this decrease was not observed to be statistically significant at three different noise levels (60, 70, and 90 dB HL). The ipsilateral wide-band masking was also applied at 70, 90, and 100 dB HL to detect how the free field thresholds with BAHS were affected. While the free field thresholds with BAHS did not change when the ipsilateral masking was 70 dB HL, a significant increase was observed at the 90-and 100-dB HL masking levels (p < 0.05).
The level under which the decrease was detected was identified as the effective masking level. A statistically significant difference was not detected in the ipsilateral discrimination scores and free field discrimination scores at the effective mask severity level (table 2) . Meanwhile, a statistically significant decrease was detected in the free field bone conduction thresholds at each frequency when ipsilateral masking was carried out above the effective masking level (p < 0.05). Although a decrease was detected in the discrimination scores in monosyllabic repetition tests carried out despite overmasking, a statistically significant finding was not obtained (table 3) . Trisyllabic word lists were repeated 100% without masking and at every masking severity level in all participants.
Discussion
BAHS is known to be employed unilaterally at many centers worldwide. Clinicians at Nijmegen Medical Centre first reported bilateral BAHS application in adults, which started a debate in 1998. 3 Meanwhile, Dun et al evaluated the patients in whom bilateral BAHS was applied at Nijmegen Medical Centre between 1996 and 2008 and discussed the results, concluding that bilateral BAHS application was useful. 3 Objective and subjective measurements of unilateral and bilateral BAHS were analyzed in persons with different hearing profiles in various studies. 1,3-5 6 Although bilateral BAHS application was reported to be more beneficial than unilateral applications in some survey studies, in others, no statistically significant difference was observed. 5 The number of studies based on objective measurements is limited. In a review by Janssen et al, the authors considered two studies comparing audiologic data related to bilateral and unilateral BAHS application, eight studies assessing speaking and hearing in the context of noise, three studies with lateralization as the measure of interest, and three studies examining the hearing perception of the patient. 1 They reported that these studies supported bilateral BAHS.
In our study, a comprehensive comparison did not seem possible because neither discrimination under noise nor localization abilities were investigated. However, when these two issues are excluded, we can conclude that unilateral BAHS application provided sufficient stimulus to prevent neural deprivation in the contra-lateral ear. This is believed to be a new finding.
Despite overmasking, the similar discrimination scores between the contra-and ipsilateral ears indicated that the contralateral ear does not experience deprivation. We believe that this hypothesis needs to be supported with a longitudinal study. The results of our study are consistent with those of Ho et al to the effect that unilateral application sufficiently stimulates the contralateral ear. 5 Another important result of this study is that the patients repeated trisyllabic words at a ratio of 100% in both masked and unmasked environments. This result might have occurred because trisyllabic words give more hints than monosyllabic ones. It suggests that monosyllabic word lists should also be used in postoperative audiologic evaluation and follow-up of patients. However, the small number of participants was a limitation of our study. These results should be supported with studies conducted with larger sample sizes.
As binaural BAHS use has been assessed most often using questionnaires and inventories, 1,3-5 and the factors assessed in the literature have usually been discrimination with noise and localization issues, our study could not be compared with a large study group. Comparing the results of our study and research conducted with larger samples, however, could contribute to better elucidation of this issue.
Bilateral BAHS is important for localization and discrimination in the context of noise. Our results, however, indicate that unilateral BAHS application is effective for the prevention of neural deprivation, as the At the effective masking level, a significant difference was not observed between the contralateral ear and the BAHS ear without overmasking. The participants could discriminate the speech by hearing with the contralateral ear when the ipsilateral ear was masked with an insert earphone. When a mask was administered above the effective masking level (overmasking), the discrimination of the contralateral ear decreased, although this decrease was not found to be statistically significant. The obtained data suggest that unilateral BAHS application could prevent or slow the neural deprivation of the contralateral ear.
Although there were 28 BAHS patients at the beginning of the study, we had to perform this study with 5 patients. As we noted previously, the patients were tested for masking to avoid insufficient masking or overmasking, and most of the patients excluded from the study had a masking dilemma (ipsilateral masking was not sufficient or caused overmasking). The limited number of patients may be a weakness of the current study, so the findings should be considered preliminary. Further clinical investigations with more subjects on this topic are needed.
